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ABSTRACT 
 

The InSAR (Interferometric Synthetic Aperture Radar) has significantly advanced in 
recent decades in its ability to monitor the deformation of topography and urban structures. 
InSAR technology can accurately measure the rate of deformation in both the vertical and 
horizontal directions of urban structures, with a precision of one millimeter per year. 
Additionally, it can evaluate the total amount of cumulative deformation. Temperature 
fluctuations can lead to structural distortion of bridges, which can have adverse effects 
on their safe functioning. This study aims to assess the suitability of Sentinel-1 (C-band) 
satellite imagery for monitoring the thermal expansion of bridges using PSI (Permanent 
Scatterer Interferometry) techniques. Additionally, it seeks to compare the findings with 
those obtained from terrestrial laser scanning measurements. The findings demonstrated 
that, despite certain technical constraints such as the radar imaging frequency and the 
absence of high-resolution resources, the C-band Sentinel-1 satellite effectively detected 
the overall trend of thermal expansion deformation in the foundations of arch bridges. 
This confirms that C-band SAR satellites are a viable and economical means of 
monitoring the thermal expansion deformation of large-scale linear infrastructures, 
making them a precise and cost-effective tool. 
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1. INTRODUCTION 

The provision of a smooth connection for land transportation is one of the most 
important functions that bridges perform, not only for commerce but also for society. Over 
the course of the previous few years, insufficient monitoring of the safety conditions of 
bridges has resulted in frequent instances of bridges breaking and collapsing, which has 
led to considerable property loss and societal effects. The collapse of the Bolchevera 
Viaduct in Italy in 2018 and the sudden collapse of the Caprigliola reinforced concrete 
arch bridge in Massa, Italy in 2020 are two examples of bridge collapses that are 
particularly noteworthy (Calvi, Moratti et al. 2019; Rymsza 2021; Invernizzi, Montagnoli 
et al. 2022; Scattarreggia, Salomone et al. 2022; Scattarreggia, Orgnoni et al. 2023). As 
a result of the structural deterioration, foundation instability brought on by rising traffic 
loads, and material degradation brought on by weathering, the maintenance of a great 
number of bridges has become an essential concern (Comisu, Taranu et al. 2017; Zhong 
and Yang 2017; Ye, Xi et al. 2018; Giordano, Quqa et al. 2023; Xu, Dai et al. 2023). 
Conventional methods for monitoring bridges, such as measuring levels and installing 
surface sensors, are well-established and very accurate. However, they are expensive in 
terms of both human resources and materials. Additionally, they provide limited coverage, 
are slow to provide observations, and cannot quickly monitor ongoing changes in bridge 
deformation(Nassif, Gindy et al. 2005; Idoko, Sam et al. 2020; Deng, Huang et al. 2023). 

InSAR (Interferometric Synthetic Aperture Radar) allows for rapid imaging and 
collection of data on surface deformation, regardless of weather conditions, at all times 
(Karimzadeh, Matsuoka et al. 2018; Selvakumaran, Plank et al. 2018). The utilization of 
InSAR technology for structural monitoring of bridges and structures is a recent 
development that has not been thoroughly investigated. Prior research has demonstrated 
that the method is very responsive to minor distortions, such as the surveillance of 
groundwater extraction, mining operations, the assessment of settlements during tunnel 
building, the extraction of oil and gas, and the distortions resulting from thermal expansion 
effects at bridge abutment sites.(Galloway, Hudnut et al. 1998; Perski, Hanssen et al. 
2009; Barla, Tamburini et al. 2016; Lazecky, Hlavacova et al. 2016; Huang, Crosetto et 
al. 2017; Chen, Xu et al. 2021). The PSI (Permanent Scatterer Interferometry) technique 
has gained a lot of interest and application in monitoring thermal expansion in recent 
years.(Fornaro, Reale et al. 2012; Goel, Gonzalez et al. 2014; Lazecky, Hlavacova et al. 
2016).Most of the research that have been conducted on monitoring thermal expansion 
utilizing PSI techniques have mostly relied on X-band commercial satellite SAR data. This 
is a crucial piece of information to emphasize. Because of their short wavelengths and 
great geographical resolution, these satellites are particularly sensitive to detecting 
thermal expansion. This is because they have a high spatial resolution. On the other hand, 
there have been a comparatively smaller number of studies that have utilized C-band 
Sentinel-1a data for the aim of monitoring thermal expansion. 

Alongside InSAR technology, TLS (Terrestrial Laser Scanning) technology is also 
experiencing significant development. TLS offers the benefits of speed, automation, non-
contact operation, and high precision. It enables the swift and accurate capture of surface 
points on objects (Wu, Yuan et al. 2021).TLS has successfully obtained numerous 
outcomes in monitoring various scenarios such as bridges, ground, dams, buildings, 
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al. 2025). TLS is used as a high-precision measurement method to capture the spatial 
coordinates of a target object with extreme accuracy to the sub-millimeter level. TLS 
utilizes many laser beams to swiftly scan the target object, generating a dense point cloud 
that can be used to produce a highly accurate 3D model. The laser scanner utilized in this 
investigation, the FARO FOCUS 150+, has a scanning resolution of 687 million points per 
scan. According to this resolution, each scan requires around 28 minutes. Being a non-
contact scanning technique, it circumvents the potential risks or disruptions associated 
with conventional measurement methods, such as restrictions in sensor installation and 
harm to the object being monitored (Yang, Liang et al. 2019). 

The thermal expansion characteristic of bridges is recognized as a potential cause 
of structural damage to bridges(Huang, Yi et al. 2018). The purpose of this research is to 
test the applicability of the InSAR technique for thermal expansion deformation monitoring 
of bridge piers and to compare the results obtained with those of TLS monitoring. 
Although the data from C-band satellites may not be as sensitive to thermal expansion as 
the data from X-band satellites, they do have the advantage of providing a large quantity 
of data that is easily available and cost-effective monitoring capabilities that may cover 
large areas and provide monitoring over extended periods of time. By comparing the two 
systems, it is predicted that a better understanding will be gained regarding the 
applicability and capacity of C-band SAR satellites for monitoring the thermal expansion 
of bridges and other structures. 

 
2. STUDY AREA AND DATASETS 
 
2.1 STUDY AREA 
 

 

Fig.1 Runcorn Railway Bridge 

The Runcorn Railway Bridge across the River Mersey, with its sandstone viaduct 
piers and brick viaduct arches, was selected for this study. Given its Grade II listed status, 



The 2026 World Congress on
The 2026 Structures Congress (Structures26)
23-25, August, 2026, Convensia, Incheon, Koreait is crucial to conduct continuous, non-invasive monitoring of the bridge over an extended 

period. Presently, there are numerous difficulties in the surveillance and upkeep of the 
Runcorn Railway Bridge, which is subjected to formidable winds and remains operational 
as a railway route. 

 
2.2 DATASETS 

A total of twenty-six acquisition scenes of the Sentinel-1A satellite were captured in 
interferometric wide (IW) mode between the dates of June 12, 2023, and February 29, 
2024. These scenes were recorded in ascending (south to north) orientation. On the east 
side of the Runcorn Railway Bridge, these photos were captured to monitor the surface 
deformation that was occurring. The coverage of each Sentinel-1 A image is 
approximately 200 square kilometers in size, and it is collected in the ascending direction 
at intervals of 12 days. Tables 1 and 2 should be consulted for further information that is 
more precise. 

 
Table1. Sentinel-1A dataset parameters 

Satellite Sentinel-1A 

Acquisition Mode IW (Interferometric Wide swath) 

Data Level SLC (Single Look Complex) 

Polarization Mode VV&HV 

Orbital Direction Ascending 

Angle of Incidence 43.78 

Ground Resolution 15 m 

Imaging Time Apr. 11, 2023 To Feb. 29, 2024 

Reference DEM Data ALOS World 3D DEM (12.5m) 

 
Table2. Information for Ascending Sentinel-1 Data 

NO. Date 
Normal 

Baseline (m) 
Temporal 

Baseline (day) 
Temperature 

(℃) 

1  20230411  -86.71 -132 6.2 

2  20230423  -19.68 -120 8.6 

3  20230505  -30.07 -108 12.3 

4  20230610  -31.55 -72 12.2 

5  20230622  39.70 -60 17.1 

6  20230704  25.36 -48 12.2 

7  20230716  -59.89 -36 14.5 

8  20230728  -99.42 -24 15.0 

9  20230809  87.27 -12 12.1 

10  20230821  0 0 13.5 

11  20230902  -41.74 12 12.2 

12  20230914  51.98 24 14.5 

13  20230926  -71.46 36 13.0 
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15  20231020  -124.45 60 14.2 

16  20231101  71.19 72 12.3 

17  20231113  39.29 84 9.6 

18  20231125  113.42 96 0.2 

19  20231207  -14.67 108 5.9 

20  20231219  17.23 120 9.8 

21  20231231  -35.31 132 5.7 

22  20240112  64.07 144 5.1 

23  20240124  38.52 156 10.2 

24  20240205  16.41 168 9.5 

25  20240217  -68.04 180 9.5 

26  20240220  -128.61 192 8.4 

 
As can be seen in Figure 1, the primary focus of this research is the study area that 

is located on the northern side of the Runcorn Railway Bridge. Sandstone viaduct piers 
and blockwork viaduct arches make up the research area. The study area is in the vicinity 
of the viaduct. As seen in Figure 2, the structure is shown. 
 

 

Figure 2. (a) Side view of the north bank of Runcorn Railway Bridge showing its 
structure 

(b) Sandstone Viaduct Piers. 
(c) Block Viaduct Arch 

Numbers 1 and 2 are sandstone viaduct piers and numbers 3、4 and 5 are block 

viaduct arches. 
It is common practice to employ 3D laser scanning technology in a wide range of 

surveying operations. This technology allows for the rapid and precise modelling of big, 
irregular, and complex buildings, as well as situations with low levels of illumination. The 
following steps are often involved in the process of collecting point cloud data using TLS: 
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aligning point cloud data. Figure 3 gives an illustration of the planning for the measuring 
site. 

 

Fig. 3 Measurement site plan 
After the evaluation, the measurement site plan shown in Figure 3 ensures that the 

TLS can meet the overlap requirement for point cloud data alignment between each site. 
Additionally, panel targets were pasted on the five piers shown in Figure 2, for a total of 
eight, to facilitate automatic point cloud data alignment at a later stage. The FARO 
FOCUS 150+ was used to do a total of five scans for the purpose of this article, which 
were carried out between June and November of 2023. The information that was gathered 
is presented in Table 3. This is the location where the temperature data was collected on 
an hourly basis from the meteorological stations. 

Table3. Terrestrial laser scanning data collection 

Type Date Temperature 

Dataset1 15 Jun. 12℃ 
Dataset2 24 Jun. 18℃ 
Dataset3 27 Oct. 7℃ 

Dataset4 24 Nov. 5℃ 
Dataset5 30 Nov. 2℃ 

 

3. METHODOLOGY 
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Fig.4 Workflow 

Figure 4 shows the workflow of this paper, and the left is the technical flow of PSI. 
For PSI, 26 SAR images are used in this study, and one scene of the SAR data is selected 
as the main image, and interfered with the other SAR images, and the terrain phase is 
removed by using an external DEM (Digital Elevation Model) to generate the differential 
interferometric atlas on the time series. Based on the SAR amplitude dispersion index for 
PS point selection(Ferretti, Prati et al. 2001). The deformation rate and cumulative 
deformation amount can be calculated after Phase Model Solving. 

On the right side is the processing flow of TLS technology, the scanning site is 
planned, and the 3D laser scanning is started after setting the parameters, and the data 
collected by scanning are pre-processed and aligned based on the panel targets to obtain 
the 3D point cloud model of multiple phases. There are errors in the alignment, so the 
samples are split and thermal expansion is calculated using Separate displacement 
calculation (SDC) (Alazmi and Seo 2023). 

After obtaining the thermal expansion data based on the C-band SAR satellite and 
TLS measurements, the temperature data collected by the combined weather station is 
used for thermal expansion analysis. 
 
3.1 PS-InSAR 
 

For this study, the monitoring of bridge deformation is carried out using PSI, which is 
based on the selection and analysis of persistent scatterers. These persistent scatterers 
are primarily man-made objects, such as buildings, monuments, or highways, and they 
are distinguished by a high degree of phase coherence throughout the course of time. 
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(Line of Sight) direction is determined for each date using this method. This displacement 
is then taken into consideration in the interferometric analysis to obtain the final time 
series of displacements to be obtained. It is important to note that the wavelength of the 
SAR sensor has an impact on the sensitivity of the PSI method measurements in relation 
to the real deformation measurements. To be more specific, the sensitivity improves as 
one moves from the L-band to the X-band. 

The C-band Sentinel-1 A image was processed using the PSI approach, which 
resulted in the acquisition of a time-series differential interferometric atlas. In the 
meantime, the topography was removed and geocoded with the help of the Advanced 
Land Observing Satellite Digital Elevation Model (DEM), which has a spatial resolution of 
12.5 meters. 

The orbit of the SAR satellite is very close to the north-south direction, and at the 
same time, the LOS direction is perpendicular to the flight direction of the satellite, so the 
observation in the LOS direction can hardly obtain the deformation information in the 
north-south direction, and therefore the accuracy of the results of the north-south 
deformation is very poor. Although the vertical deformation can better suppress the 
influence of the observation error of the descending orbit, it is more sensitive to the 
observation error of the ascending orbit. The ascending and descending satellite data are 
close to the completely opposite imaging geometry in the east-west direction, so the 
accuracy of monitoring deformation in the east-west direction is the best. 

 

Fig.5 Geometric Azimuth 
It is possible to obtain the rate of deformation as well as the cumulative amount of 

deformation of the bridge piers in the LOS direction by utilizing the PSI. To facilitate a 
subsequent comparison with the measurements obtained through the TLS monitoring 
technique, the LOS deformation values for each PS in the bridge were initially converted 
to the horizontal direction, and then finally converted to the longitudinal direction of the 
bridge. While it is crucial to highlight that the conversion is made under the premise that 
the longitudinal deformation is consistent on both sides of the bridge's piers, it is also 
important to note that the potential settlement and deformation induced by trains 
operating on the bridge may be a source of mistake. The line-of-sight (LOS) deformation 
that was observed for the satellite can be broken down into a thermal expansion 
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using Equation 1. 

𝑑𝑇 =
𝑑𝐿𝑂𝑆
sin 𝜃

× sin(𝛼𝑟𝑔 − 𝛼𝑏𝑟) (1) 

dT: Thermal deformation of bridge 
drg: Deformation in range 
θ: Incidence angle 
dLOS: Satellite-measured LOS deformation towards 
αrg: Azimuth of the range 
αbr: Bridge longitudinal azimuth 

 

3.2 POINT CLOUD DISTANCE CALCULATIONS 
 

C2C (Cloud to Cloud) and C2M (Cloud to Mesh) approaches are examples of 
methods that are frequently utilized in the process of computing distances to point clouds. 
When it comes to point cloud distance measurements, for C2C, the point cloud is reduced 
to a subset of significant point clouds, which are also referred to as features or key points. 
These key points have distinctive characteristics that are based on their immediate 
surroundings. As a result, they can be found in point clouds with varying measurement 
periods and can be matched between point clouds. In order to construct the mesh model, 
C2M-based approaches require the mesh model to be constructed from one- or two-point 
clouds independently. Furthermore, C2M is more resistant to outliers than C2C, which 
locates the nearest point based solely on Euclidean distance.(Lague, Brodu et al. 2013; 
Jafari, Khaloo et al. 2017). 

Thermal expansion can be estimated by comparing the distances between point 
clouds at different times. Specifically, C2C calculates the distance difference of the point 
cloud by calculating the distance between the nearest point in Point Cloud 1 and Point 
Cloud 2, as shown in Figure 6a.C2M is constructed by constructing Point Cloud 1 as a 
grid, using Point 1 as the reference grid point, and then each discrete point in Point Cloud 
2. Taking Point 2 as an example, the distance between two points is used to get the 
distance difference of the point cloud, as shown in Figure 6b. 
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(a) C2C method; (b) C2M method. 

Point cloud distance computation methods that are based on C2M are extensively 
used for deformation analysis. This contrasts with methods that are based on C2C, which 
do not directly measure the true distance between point clouds (Shen, Wang et al. 2023). 

In the process of point cloud alignment, there will inevitably be alignment errors. 
When performing thermal expansion measurements, it is mainly necessary to calculate 
the relative distance between the point cloud of the target building before thermal 
expansion occurs and the point cloud of the target building after thermal expansion occurs. 
Since the displacements of thermal expansion are relatively small values, an alignment 
error can cause a large error in the displacement measurement of thermal expansion. To 
eliminate this error, this paper uses the Separate displacement calculation (SDC) method. 
The core idea of SDC is to select a reference point cloud on the opposite side of the target 
building, and then and calculate the distance between the reference point cloud and the 
point cloud of the target building, half of the difference in distance between the point cloud 
of the target building and the reference point cloud at different periods of time is the 
deformation caused by the thermal expansion behavior’s advantage of the SDC method 
is that it can eliminate the error caused by the alignment. 

 
4. RESULTS AND DISCUSSION 
 
4.1 PSI DEFORMATION RATE AND THERMAL EXPANSION RESULTS 
 

Using the PSI technique, 796 PSs were identified in the bridge and its surrounding 
area and the displacement time series of the LoS from April 2023 to February 2024 were 
extracted. Figure 7 shows the distribution of PSs in the Runcorn Railway Bridge and the 
Silver Jubilee Bridge to its east, with a color scale indicating their displacement velocity 
along the satellite LoS. The velocities range from -24.945 mm/yr (away from the satellite, 
red) to 24.911 mm/yr (towards the satellite, purple). During PSI data processing, the entire 
displacement time series was linearly fitted by the least squares method to reduce errors. 
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Fig.7 LOS directional deformation rate 
Considering that moving away from the satellite represents a negative deformation 

and moving towards the satellite represents a positive deformation, it can be concluded: 
Negative displacements along the LoS direction imply that that portion of the bridge 

is predominantly settling vertically, deforming horizontally to the west, or a combination 
of both. 

Positive displacements along the LoS direction imply that that portion of the bridge 
is predominantly uplifted in the vertical direction, deformed to the east in the flat direction, 
or a combination of both. 

The thermal expansion deformation on the east side of the bridge pier can be 
separated from the LoS deformation by using Equation (1), where the negative 
displacement represents contraction, and the positive displacement represents thermal 

expansion. The main objects of analysis are piers ① to ⑤ in Figure 2(a), and their 

deformation versus temperature is calculated.  
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Fig.8 Thermal Expansion versus Temperature 

From Figure 8, it can be found that the thermal expansion of piers ① to ⑤ is generally 

consistent with the temperature trend. The maximum thermal expansion of the piers 
reaches about 20mm, and the maximum contraction reaches 30mm. 

 

Fig.9 Thermal expansion and deformation versus temperature 
It is evident from the data presented in Figure 9 that thermal expansion took place at 

the piers. After linear fitting to the five bridge piers, the slopes of the trend lines are all 
positive, as shown in the figure, which depicts the trend of thermal expansion and 
temperature for five bridge piers. It is possible to observe that the slopes of the trend lines 
are all positive. The fact that this is the case suggests that there is a positive association 
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temperature rises, the bridge piers experience thermal expansion as a result of the 
increased temperature. 
 

4.2 POINT CLOUD THERMAL EXPANSION ANALYSIS RESULT 
 

The 8 panel targets set on the bridge piers played a great role in the point cloud 
alignment, and the remaining Dataset2, Dataset3 Dataset4, and Dataset5 were aligned 
to the Dataset1 point cloud model used as the reference, using the Dataset1 point cloud 
as the reference. Figure 10 shows the 3D point cloud data of the bridge after the alignment. 

 

Fig.10 Point Cloud Data 
As a result of the surface condition of the samples, the distance calculation that is 

based on C2M (Cloud to Mesh) is impacted when the SDC (Separate displacement 
calculation) method is utilized for thermal expansion measurement analysis. If the surface 
roughness is increased or the surface is uneven, this will result in a potential error in the 
displacement value that is calculated. The distribution of the samples taken from the 
bridge piers is depicted in Figure 11. 

 

Fig.11 Example of sample extraction 
Figure 11 shows an example of 12 samples extracted from the point cloud of piers 

① to ⑤. Each sample was divided into the same size as possible, decorative elements 

on the piers, areas with large inclinations and areas where external pipes exist were not 
included in the samples as these would cause C2M to make an error when calculating 
the distances. The results of the calculations are shown in Table 4 below. 
Table4. Thermal expansion based on point clouds (mm)  
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Date 
Piers 1 Piers 2 Piers 3 Piers 4 Piers 5 

Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 Sample8 Sample9 Sample10 Sample11 Sample12 

D1 0 0 0 0 0 0 0 0 0 0 0 0 

D2 0.557 4.043 4.245 3.486 -0.98 -1.873 8.144 8.099 -2.834 -2.578 -2.64 -2.35 

D3 -8.923 -10.868 -1.877 8.331 6.323 7.854 6.794 6.451 -5.79 -4.726 5.05 4.749 

D4 1.415 1.354 5.329 7.772 5.596 9.594 8.369 8.099 3.586 2.881 3.46 5.02 

D5 -14.023 -14.053 -6.398 13.17 7.889 11.093 13.153 10.453 3.762 4.365 4.413 4.845 

 

The plotted temperature and thermal expansion deformation as a function of time are 
shown in Figure 12 below. 

 

Fig.12 Line plots of temperature and thermal expansion deformation versus time. 
(a) Piers 1; (b) Piers 2; (c) Piers 3; (d) Piers 4; (e) Piers 5 

 

When doing the calculation using the SDC technique, the base for the computation 
is represented by D1 (Dataset1), where the numbers that are positive represent thermal 
expansion and the values that are negative represent contraction. Using the C2M method, 
the results indicate that Piers 1 and 2 constructed of sandstone experienced a maximum 
expansion of 5.329 millimeters, whereas Piers 3, 4, and 5 made of masonry block saw a 
maximum expansion of 13.17 millimeters. Figure 13 further reveals that there is a 
significant relationship between the modification of thermal expansion and temperature 
for each of the five piers. This is something that can be observed quite clearly. The 
coefficient of thermal expansion of sandstone material is generally smaller than that of 
block material, and the results in Table 3 are broadly consistent with this pattern. In 
general, this is the case. In addition to this, the samples that are situated in the upper part 
of the abutment are subjected to higher values of thermal expansion than the samples 
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the upper part of the abutment is subjected to a significant amount of sunlight, which 
causes the thermal expansion to increase. For comparing the thermal expansion results 
obtained from the satellite monitoring with the thermal expansion results obtained from 
the TLS monitoring, it is necessary to determine a base time. From Table 3, it is evident 
that the TLS monitoring began on June 15, 2023. In Table 2, the date 22 June 2023 is 
used as the base time, with an interval of only seven days and temperatures that are 
comparable. This leads to Figure 13. 
 

 

(a) 

 

(b) 
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(c) 

 

(d) 

 

(e) 

Fig. 13 Comparison of thermal expansion results from satellite and TLS monitoring 
(a) Piers 1; (b) Piers 2; (c) Piers 3; (d) Piers 4; (e) Piers 5 

The scatter is based on the thermal expansion results that were derived from the 
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results of thermal expansion for the bridge piers. Satellites are able to perform continuous 
monitoring of the Runcorn Railway Bridge at intervals of twelve days; hence, the results 
of thermal expansion that are derived based on satellite data can be considered to be a 
continuous curve. TLS monitoring is susceptible to a number of limitations, such as the 
weather, which makes it impossible to implement regular and continuous monitoring. 
Additionally, the results of the monitoring are more affected by the environment, which 
makes it more expensive. In Figure 13, the curves and scatters that have negative values 
imply contraction, whereas the curves and scatters that have positive values are sensitive 
to thermal expansion. It has been discovered that, with the exception of a very small 
number of instances in which the trend of the TLS monitoring data does not coincide with 
that of the satellite monitoring results, the majority of them continue to follow the same 
trend. However, due to the fact that the resolution of the satellites is limited, there is a 
difference in the specific values of contraction or thermal expansion. 
 

5. CONCLUSIONS 
 

Accurate estimation of thermal expansion is critical for structural health monitoring of 
bridges. This paper discusses the feasibility of a Multi-Source Remote Sensing (MSRS) 
framework, integrating C-band PSI and TLS, to characterize the thermal expansion of 
bridge structures. The detailed conclusions obtained through this study are as follows:  

(1) In order to monitor the thermal expansion of the bridge piers, five terrestrial laser 
scans were carried out at four locations on the north bank of the Runcorn Railway Bridge. 
The thermal displacements of the five data sets were analysed by C2M based on the 
SDC (Separate displacement calculation) method. Overall, the thermal expansion 
behaviors at the upper sections of the bridge piers were more pronounced than those at 
the lower sections. Furthermore, a distinct variation in thermal response was observed 
across different materials, revealing that masonry blocks exhibit higher thermal sensitivity 
compared to sandstone piers. The higher coefficient of thermal expansion of masonry 
block was thus verified. 

(2) This paper presents an extended PSI model within the MSRS framework to 
isolate the thermal expansion component from the total observed Line-of-Sight (LOS) 
deformation. The model has some limitations, as the InSAR measurement of the 
displacement vector associated with the satellite's direction of travel is technically 
restricted, which necessitates the presence of a certain angle between the monitored 
target azimuth and the satellite azimuth. 

(3) The thermal expansion behaviors in response to temperature changes can be 
clearly monitored by PSI based on C-band SAR data. Additionally, due to the spatial 
resolution of Sentinel-1A, the correlation between thermal expansion behaviors and 
ambient temperature fluctuations was effectively confirmed. 

In conclusion, this study validates the potential of the MSRS approach for the remote 
structural health monitoring of bridges without the need for on-site sensors. This 
integration provides a cost-effective and sustainable tool for monitoring longitudinal 
deformation in large-scale infrastructure, potentially addressing the challenges of high-
cost conventional sensor installations. 
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